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Abstract 

Gamma- Ray Bursts have been observed out to very high redshifts and 
provide time measures that are directly related to intrinsic time scales 
of the burst. Einstein's theory of relativity is quite definite that if the 
universe is expanding then the observed duration of these measures will 
increase with redshift. Thus gamma-ray burst measures should show a 
time dilation proportional to redshift. An analysis of gamma-ray burst 
data shows that the hypothesis of time dilation is rejected with a prob- 
ability of 4.4xl0 -6 for redshifts out to z=6.6. Traditionally the lack of 
an apparent time dilation has been explained by an inverse correlation 
between luminosity and time measures together with strong luminosity 
selection as a function of redshift. It is shown that the inverse correla- 
tion between luminosity and some time measures is confirmed, but using 
concordance cosmology strong luminosity selection cannot be achieved. 
It may be possible to explain the apparent lack of time dilation with a 
combination of gamma-ray burst selection, some luminosity evolution and 
some time measure evolution. But this requires a remarkable coincidence 
in order to produce the apparent lack of time dilation. However the data 
are consistent with a static cosmology in a non-expanding universe. 

keywords (cosmology: observations, large-scale structure of universe, 
theory, gamma rays: bursts) 



1 Introduction 



Gamma- Ray bursts (GRB) are transient events with time scales of the order 



of seconds and with energies in the X-ray or gamma-ray region. iPiranl (12004 ) 
provides (a mainly theoretical) review and Bloom. Frail fc Kul carnil (l2005j) give 
a re view of observ ations and analysis. Although the reviews by Mesz aros (2006) 



and IZhand (|2007l) cover more recent research and provide extensive references 
they are mainly concerned with GRB models. The only other objects for which 



time dilation has b een observed are type la supernovae (jGoldhaber et "aLl. l200lt 



iFolev et all 120051). However this time dilation claim has been questioned by 
(|GrawfordL I2006L l2009al lbl). Although the supernovae observations are clearly 
important in choosing between cosmologies they are not relevant to whether 
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GRB show the effects of time dilation. This paper considers only the direct 
GRB observations and makes no assumptions about GRB models. 

The search for the time dilation sig nature in dat a from GRB has a long his- 
tory an d before redsh i fts we re available Norris et al. ( 1994 ) ; Fenimore fc Bloo"m1 



(|!995at ); iDavis et all (|l994l ) claimed eviden ce for the time d i lation effect by 
comparing dim and bright bursts. However iMitrofanov et oZ| £±996) found no 
evidence for time dilation. Lee et found rather inconclusive results 

from a comparison between brightness measures and timescale measures. They 
also provide a bri ef summary of earlier results . Once redshifts became available 
Ghana! (l200lh andlChang. Yoon fc Choi (|2002h using a Fourier energy spectrum 



method and iBorgonov using an autocorrelation met hod claim evid ence 

of time dilat i on. T he standard understanding, starting with iNorrid |2002) and 
Bloom et ~d\ (|2003h . is that time dilation is present but because of an inverse 



relationship between luminosity and time measures it cannot be seen in the raw 
data. Because a strong luminosity-dependent selection produces an average lu- 
minosity that increases with redshift there will be a simultaneous selection for 
time measures that decrease with redshift which can cancel the effects of time 
dilation. 

Here it is argued that there is no evidence for strong luminosity selection. 
Alternately the strong luminosity-redshift dependence may be due to luminosity 
evolution. In this case there is an increase in the average luminosity with redshift 
and not a selection of more luminous GRB. Consequently those time measures 
that show a strong relationship with luminosity must have evolved in a similar 
manner. Although it is possible that a combination of luminosity selection, 
selection of GRB by other characteristics and evolution may be sufficient to 
cancel time dilation it does require a fortuitous coincidence of these effects to 
completely cancel time dilation in the raw data. Another explanation is that 
the universe is not expanding and thus there is no time dilation. Not only is 
it shown that the data are consistent with a static cosmology but it is also 
shown that if a static cosmology is valid, it can readily explain the results from 
a concordance cosmology analysis. 

The structure of this paper is to analyse recent GRB data to verify that there 
is no indication of time dilation in the raw time measures. Since the necessity 
of having an observed redshift makes this a specially selected sample of GRB 
the next step is to confirm that it shows the well known inverse relationship 
between luminosity and some time measures. It is als o foun d, in agreement 



with the suggestion by ([Frail et all . l200ll : iBloom et all 120031 ) . that the data 
are consistent with the average energy of the GRB being constant. Since the 
dependence of the luminosity on redshift is strong it is necessary to see whether 
it is due to selection or evolution. The next step is to investigate the selection 
process where it is shown that the data are inconsistent with strong luminosity- 
selection as a function of redshift. Then the alternative of luminosity evolution 
is considered. Next direct selection that depends on other characteristics of 
the GRB that could partially cancel the time dilation is considered. Although 
none of them is individually sufficient there is a possibility that a combination 
could be sufficient. Finally the data are shown to be in agreement with a static 
cosmology. 

Recently ISchaeferl (|2007al ) has provided an excellent analysis of GRB rela- 
tionships and provides tables of burst parameters of 69 bursts observed with 
redshift parameter z varying from 0.17 to 6.6. This redshift range is greater 
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than that for type la supernovae for which there is also intrinsic timing infor- 
mation. Of relevance here are Ti ag the lag time between a band of high energy 
gamma-rays and a band of lower energy gamma-rays, and trt the shortest time 
over which the GRB light curve rises by half the peak flux of the pulse. A 
further measure is V, which is a measure of the variability of the light curve. 
Crudely, it is the number of spikes per second. In practice it is a normalised 
estimate of the fluctuatio ns in the light curve relative to a smoothed version 
of the light curve. Finally iGehreld (|2007h provides estimates of the time span 
T90 that contains 90% of the counts. These four time measures are determined 
from the original gamma-ray observations and are independent of any model for 
the burst mechanism. It can be argued that since the physical processes that 
produce these time measures are not well understood we cannot use them to 
test for time dilation. However time dilation must apply to all time measures. 
Here we start with the simplest assumption is that the characteristics of the 
GRB are the same at all redshifts. Then we consider whether evolution can 
explain the results. 

In an expanding universe, the raw time measures should show an average 
duration that is directly proportional to (1 + z), and the variability should show 
an inverse relationship. Time dilation provides a much stronger test of universal 
expansion than the Hubble redshift of frequencies. Of many explanations for the 
Hubble frequency redshift, the only one that includes time dilation is universal 
expansion. 

This analy sis uses t h e curre nt standard cosmology, concordance cosmology, 
and following ISchaefe"r ( 2007a ) the mass density Qm is taken to be 0.27 and 
J7a which is proportional to the cosmological constant, has a value of 0.73. 
In this work the Hubble constant Hq is assumed to have the value of 70 km 
s Mpc -1 . Because of the relatively small numbers the arguments used here 
are often statistical and the paper starts with a brief description of how the 
uncertainties are treated. Since the expected effect of time dilation is that it is 
a linear function of (1 + z) it is appropriate to determine the exponent of (1 + z) 
that has the best fit to the data and see if it is compatible with unity. 



2 Uncertainties 

Since the observations have a very large spread, it is desirable to use logarithms 
so that the dynamic range is reduced, scale factors are irrelevant and the in- 
fluence of outliers is reduced. In addition many of the variations in GRB such 
as external pressure and chemical composition are multiplicative. Thus from 
the central limit theorem the logarithm of a variable is likely to be closer to a 
normal distribution that the variable itself. 

Although the measurements provide d by Schaefer j[2007al ) have measure- 



ment uncertainties, it is very obvious, as Schaefeif i 2007al ) has noted, that their 



scatter is much greater than the uncertainties would suggest and this scatter is 
mainly due the intrinsically different properties of the individual GRB. There- 
fore it is most likely that measurement uncertainties are a poor guide to the 
accuracy of each observation, and thus it is inappropriate to assume that the 
overall uncertainty is proportional to the measurement uncertainties. Instead a 
simple model is adopted where the additional uncertainty due to the intrinsic 
scatter is made proportional to the actual measure. Thus the variance for a 
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measurement j/j is set equal to crf + i^yi) 2 where at is the measurement uncer- 
tainty for that measurement, j/i is its value and 77 is a constant for all the yt 
measures. The values of 77 are estimated by requiring that the residual % 2 after 
doing a linear regression of log(y) against log(l + z) is equal to the number of 
degrees of freedom. This regression is done in order to remove any cosmologi- 
cally important systematic effects on the estimate of rj. Because this new term 
dominates the variance this procedure is almost the same as using unweighted 
values in regressions with log(y). 

When both inputs to a linear regressio n have significant u ncertainties the 
method (fitexy subroutine) promoted by IPress etcd. ( 2007 ) is used. This 



method retains symmetry between the variables in that the results are inde- 
pendent of which variable is chosen as the independent variable. For a linear 
regression where the yi variable has an uncertainty Oi and the Xj variable has 
an uncertainty ej the method minimises \ 2 where 

2 _ {Vi ~ a -bxj) 2 

If the uncertainties in x are small enough this method reduces to the standard 
weighted regression. Finally a small adjustment is made to the estimated errors 
in the regression results to make the residual x 2 value equal to the number of 
residual degrees of freedom. In effect the uncertainties in the measurements are 
used only to determine the relative weights. The final scaling of the uncertainty 
in any derived result is determined by the residual x 2 . Since in this case this 
procedure increases the magnitude of the uncertainties the result is to decrease 
the significance of any dependency between the data and time dilation. It has 
been argued that the intrinsic scatter of the time variables is too large to show 
a significant dependence on time dilation. If this is true and time dilation is 
present then there is no change in the value of the expected exponent but the 
uncertainty in the exponent will be large. 



3 Procedure and results 



Since there appe ars to be a c l ear distinction bet ween short GRB, with T90 less 
than 2 seconds ( Piran . 2004 ; Borgonovoi 2004 ). and long GRB, the analysis 
i s restr icted to long GRB. Data for Ti ag , V, and trt are ta ken from ISchaeferl 
(|2007ah (his Table 4) and T 90 data come from|Gehreli <|2007h . This second data 
set provided an extra 39 GRB that had only T90 measurements. There were two 
measurements that were rejected as being outliers at the 5er level. These outliers 
were n ag from GRB030528, and t rt from GRB050824. In addition GRB020903 
with a redshift of 0.25 was rejected because it was extremely wea k and had no 
time measures. Since GRB60116 has a photometric redshift and iTanvir et al. 



(2006) note that it is close to the Orion Nebula where the extinction is unreliable 
it has been omitted. 

The estimation method is to use weighted linear regression, using the log- 
arithms of the raw variables, to estimate the exponent as slope of the regres- 
sion. Most of the regressions have log(l + z) as the independent variable. The 
estimates of the exponent for each of the four raw (i.e, uncorrected for time 
dilation) time measurements are shown in Table ?? together with the number 
of observations, the uncertainty (all uncertainties quoted are one-sigma values) 
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in the exponent and the probability p that the data are consistent with time 
dilation. The probability assumes a normal distribution for the exponents and 
is the probability that the observed exponent is greater than unity (or less than 
-1 for V). In order to improve accuracy all four time measures were combined 
(as logarithms) into a new variable T4 which is the weighted mean of the log- 
arithms of T 90 , Ti a g, 1/V, and trt- The weights (3.80, 2.63, 11.63, and 3.93 
respectively) were the reciprocals of the average variances of their logarithms. 
To help avoid bias only bursts which had at least three measures were used to 
compute T4. Although T4 has no physical significance its use in this context is 
legitimate because the time dilation must apply to all the time measures. Figure 
[T] shows a plot of T4 as a function of redshift where the dashed line is the line 
of best fit. The solid line shows the expected value with time dilation which is 
a power law with an exponent of unity. The \ 2 value for an expon ent of zero is 
44.24 (46 DoF) and for an exponent of unity it is 63.69 (46 DoF). lf3utler et al. 
(j2007h have done a different reduction of 218 Swift bursts of which 77 events 
have measured redshifts. Using only bursts with Tgo less than 2 seconds this 
data has an exponent for Tgo as a function of (1 + z) of 0.28 ± 0.31 in excellent 
agreement with the value in Table [T] The advantage of this data is that it is a 
homogeneous set derived from one satellite. 
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Figure 1: Plot of the raw combined time measure T4 as a function of redshift. 
The dotted line is the line of best fit with a slope of -0.05±0.23. The solid 
line (in red) is the expected line for time dilation with a slope of one. The 
legend in Figured] shows the symbol and colour for each satellite detector which 
discovered that GRB. This legend is the same for all figures. 

It is clear both from Figure Q] and Table ?? that t\ shows no dependence 
on redshift and that with an exponent of -0.04±0.23 there is a probability (one 
sided normal distribution) of 4.4xl0~ 6 that the exponent is greater than or 
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equal to unity. Although the central limit theorem predicts that the distribution 
of exponents should approximate the normal distribution it is in the tails of 
the distribution that we might expect some discrepancy. Thus the estimate 
4.4xl0 -6 , for the probability could be slightly incorrect which does not alter 
the conclusion that the probability that the raw time measures are consistent 
with time dilation is extremely unlikely. In addition all the results are fully 
consistent with an exponent of zero. However it should be noted that Ti ag has 
a 9% probability of being consistent with time dilation. 



Table 1: Analysis of gamma-ray bursts for time dilation 



Variable 


rf 


N fc 


Exponent c 


Probability d 




0.51 


84 


0.28±0.28 


4.7xl0~ a 


Tlag 


0.55 


3G 


0.18±0.61 


8.9xl0~ 2 


V 


0.25 


49 


-0.18±0.23 


2.5xl0~ 7 


trt 


0.48 


58 


0.01±0.37 


2.9xl0~ 3 


Ti 




46 


0.03±0.12 


4.4xl0~ 6 



"The value of r\ for the logarithm of this variable. 

b The number of GRB used. 

c The exponent with respect to (1 + z). 

d The probability of the exponent being greater than one (less than minus one 
for V). 



4 Luminosity corrections 

If there is time dilat i on a po ssible explanation ( Norrisl . 20021 : Bloom et "aLl. l2003t 



Schaefer fc Collazzil l2007a ) for its absence in the raw data is that the intrinsic 



time measures in a GRB are inversely correlated with the burst luminosity. The 
proposition is that because a strong luminosity-dependent selection produces 
an average luminosity that increases with redshift there will be a simultaneous 
selection for time measures that decrease with redshift. Clearly for this proposi- 
tion to work the decrease in burst duration must closely cancel the increase due 
to time dilation. This proposition can be tested by determining a correction (as 
an exponent) to the time measures that is a function of the luminosity. Then 
each GRB time measure is corrected by using its luminosity to get an estimate 
of the standard time measure that corresponds to a standard luminosity. 

The precise method of correcting the time measures and determining the new 
exponents is as follows. Let Ti be one of the time measures (where following 
standard procedure they are corrected for time dilation) for the i'th GRB and 
let Li be its bolometric luminosity. The correction exponent is determined by 
minimising the \ 2 variate 

^^(log^-A-BlogOL,)) 2 



X 



E 



where B is the required correction exponent, Ui is the uncertainty in log(ri), e; 
is the uncertainty in log(Li) and A is the normalisation constant. Then TiL~ B 
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is proportional to the time measure corrected to a standard luminosity. The 
next step is to determine the exponent as a function of redshift by minimising 

2 \ - (log(nLr B ) -q-b log(l + Zl )f 

where cr; is as before but now e% is the uncertainty in log(l ± z{) (which is negli- 
gible in this case). The correction coefficient B and the new redshift dependent 
exponent b, are shown in Tabled It is interesting that if the time measures were 
not corrected for time dilation the B values, in the same order as in Table 
are: 0.79±0.22. -1.11±0.16, 0.66±0.15, -0.93±0.13. The agreement between 
these two sets of exponents shows that the significant dependencies are intrinsic 
to the GRB and are not artifacts of the cosmology. If the luminosity correction 
cancels the time dilation the expected exponent in column four is zero. They 



Table 2: Exponents corrected for luminosity dependence 



Variable 


Number 


Correction" 


Exponent 6 




44 


0.72 ±0.23 


-1.00±0.43 


Tlag 


36 


-1.15 ±0.15 


0.01±0.43 


V 


49 


0.76 ±0.16 


0.48±0.30 


tb,t 


58 


-1.02 ±0.15 


-0.78±0.33 


T 4 






-0.61±0.22 



a The value of the luminosity correction exponent B, for this variable. 

6 The exponent b, with respect to (1 + z). It should be zero to show cancelled 

time dilation. 



differ sl ightly from the values given bv lSchaefer ( 2007a ) and Schaefer fc Collazzi 
( 2007bf ) because of the different methodology and a different use of uncertain- 
ties. Note that the time measure Tgo has a luminosity-correction exponent of the 
wrong sign and that V has the expected opposite sign. The approximate inverse 
relation ship between luminosity and time measu res shown by earlier published 
results (|Norrisl . l2002t ISchaefer fc Collazzil . l2007bl) is shown in the exponents for 
Ti a g and trt but not by V and Tgo. It could be argued that this is because the 
two time measures r; og and trt are more intrinsic to the nature of the burst 
spikes than the other two measures which include quiescent periods between 
spikes. 

However there is an obvious trend in the luminosity corrections. The two 
time measures Ti ag , and trt which are directly related to the nature of the burst 
spikes have luminosity dependence such that the product of the time measure 
times the luminosity is essentially constant. Since this product is proportional 
to the spike energy it implies that the burst energy is co n stant. This is als o 
in agreement with r esults from IPanaitescu fc Kumarl (|200ll ); iFrail et all (|200lh : 
Bloo m et ~d\ (l2003h who showed that the total energy determined by the af- 
terglows is essentially constant. Furthermore this conclusion is similar to the 
results for supernovac (|Crawfordl . l20bl . l2009bh where it was found that the im- 
portant constant characteristic of supernovae was their total energy and not 
their peak luminosity. Although a constant GRB energy rather than a constant 
luminosity is supported by these results the only significant implication of this 
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concept is that it supports an exact inverse relationship between luminosity and 
burst-duration. 

The proposition to be examined is that an inverse correlation between the 
burst luminosity and burst time measures in concordance cosmology can cancel 
time dilation. The measure of success of this proposition is to assess whether the 
computed exponents (as a function of (1+z)) are zero for each time measure after 
applying both time dilation and luminosity corrections to the raw values. The 
final column in Table[2]shows that the exponents for each time variables Ti ag and 
V are consistent with the expected value of zero and trt is marginally consistent 
with zero. Since Tgo has an exponent of -0.92±0.40 it is clearly anomalous. This 
is because although Tgo has a small dependence on luminosity the change in 
luminosity is not sufficient to canc el tim e dilation for this time meas ure. Neither 
Norrisl (|2002f) . iBloom et all (|2003l) . nor lSchaefer k Collazzil (|2007bl ) discuss the 



Tgo time measure so that estimates of its calibration exponent or final redshift 
dependence cannot be compared with earlier results. 

If we accept the proposition that the inverse relationship between lumi- 
nosity and burst time measures is feasible there is still the problem that this 
requires either strong luminosity selection or luminosity evolution. That there is 
a strong dependence of luminosity (Z/b j ) on redshift is shown by the exponent 
for luminosity (using concordance cosmology) as a function of redshift which is 
1.47±0.38. One possibility is that this exponent appears to be due to strong 
selection so that only the top of the GRB luminosity distribution is being sam- 
pled at large redshifts. It should be noted that this apparent strong selection 
depends also on the distance modulus used to convert from peak bolometric flux 
to luminosity. An alternative explanation to be considered in Section [7] is that 
there is luminosity evolution. Since neither of these possibilities can explain the 
lack of time dilation in the Tgo time measure, selection and evolution of time 
measures is considered in Section [5] 



5 Luminosity selection without evolution 

In this section it is shown that, in concordance cosmology, analysis of the se- 
lection process, assuming no evolution, shows that strong luminosity selection 
is unlikely. Figure [5] shows a plot of the p eak bolometric flu x, which is derived 
from the observed gamma-ray spectrum ( Schaefer ( 2007af ). equation 6), as a 



function of redshift. Although there is an apparent cut off in the peak bolomet- 
ric flux at about 10~ 7 5 ergs cm -2 s _1 there is no evidence of strong clustering 
just above this cutoff. If there is strong luminosity selection and unless there is 
a lower limit to the luminosity distribution we would expect to see more GRB 
just above the cutoff at redshifts lower than about one. 

If we knew the intrinsic density distribution of GRB as a function of luminos- 
ity one way to test the luminosity selection is to use a Monte Carlo method to 
distribute a random selection at constant volume density out to the highest red- 
shift that was observed. Then to calculate the peak bolometric flux and reject all 
the members that are too faint to be observed. If the cosmology and the model 
are valid the remaining members should show (within statistical uncertainty) 
the same power law of luminosity as a function of redshift as the observations. 
There are two problems with this method. The first is that we do not have a 
good luminosity distribution and the second, which is more important is that 
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Figure 2: Plot of the peak bolometric flux (Pboio) in units of ergs cm~ 2 s _1 as 
a function of redshift. The dashed line is the line of best fit with a slope of 
-2.60±0.38. Although there is an apparent cutoff (shown in red as a solid line) 
at about 10 _7 ' 5 ergs cm~ 2 s" 1 there is no strong clustering just above the cutoff 
that would be expected if there was strong luminosity selection. The legend 
shows the symbol and colour for each satellite detector which discovered that 
GRB. 



we must allow for optical selection. All of these GRB have redshifts which were 
obtained from optical observations of the afterglow or of the host galaxy. Anal- 
ysis of the number of GRB as a function of redshift (in cither cosmology) shows 
that this optical selection is much more severe than the original GRB selection. 
One way to overcome these problems is to assume that the nearby GRB are a 
representative sample and then use their luminosities to compute the peak flux 
at higher redshifts and to investigate whether or not they would be detected. 
This was done with a simple Monte Carl procedure that starts with the set of 33 
GRB that have redshift less than two. This gives a reasonable number of refer- 
ence GRB without seriously biasing the sample to higher luminosity GRB. The 
problem of optical selection is overcome by using the redshifts of the observed 
GRB as a good measure of the redshift distribution. This method assumes that 
there is no s ignificant cor relation between gamma-ray and optical properties. 
In his review Piran (2004) states that there is no direct correlation between the 
j -ray fluxes and the X-ray (or optical) afterglow fluxes. 

Then for each of the 65 GRB redshifts one of the 33 reference GRB was 
selected at random and from its luminosity a peak bolometric flux was computed 
for the new redshift. Next this selection was rejected if the new peak bolometric 
flux was less than 10 -75 ergs cm~ 2 s _1 . ft might be argued that this bolometric 
flux cut-off is too simple and that the true selection criteria is a more complex 
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function of time and gamma-ray energies. However here we are only interested in 
the major trend and minor variations in the selection criteria are not important. 
Another criticism is that the detection of a GRB is more accurately a function 
of the peak energy and not the peak bolometric flux. But the standard model 
is an inverse relationship between the time measure and luminosity and not 
time measure and peak flux. Thus it is essential to show that there is strong 
luminosity selection for the standard model to succeed. 

The random selection procedure was continued until there were 65 new lu- 
minosities for each of the 65 redshifts. Table [3] shows the average luminosity 
exponent for 10 3 iterations. This simulation was done for concordance cosmol- 
ogy (including time dilation corrections) and for a static cosmology (without 
time dilation corrections) (Section [5]). Clearly the simulated exponent for lu- 
minosity selection of 0.66 for concordance cosmology is incompatible with the 
observed exponent of 1.47 ± 0.38. However the exponents for the static cos- 
mology are in good agreement. Thus it is rather unlikely that the observed 
concordance cosmology luminosity exponent is due to luminosity selection. 

Table 3: Average luminosity exponent for concordance cosmology and for a 
static cosmology 





Number 


Concordance 


Static" 


Data 


65 


1.47±0.38 


0.38±0.21 


Simulation c 


65 


0.66±0.01 


0.48±0.01 


Detector d 


65 


0.35±0.01 


0.30±0.01 



a The exponent for the observations using concordance cosmology. 
"The exponent for the observations using a static cosmology. 
c The exponent for the simulated data with luminosity selection. 
d The exponent for the simulated data with detector selection. 



6 Peak energy selection 



Another selection process that may indirectly produce the large luminosity- 
redshift exponent (1.47±0.38) is a selection that is dependen t on the peak pho 
ton e nergy (E pea k). For the Swift satellite the burst detection (jMarkwardt et al 



20071 ) requires a excess detector count rate (in the Burst Alert Telescope) over 
the background. Typically the threshold is set at 8-sigma. However the back- 
ground is determined by a complex algorithm so that the detection depends 
on the peak bolometric flux and i t also depends on spike duration and spike 



rate. The o ther GRB telescopes (IBand et all 119931 ; iGorosabelet et all 12001 



Jager et all . Il997t Ijawai et al , 1999 ) have a similar detection process. The de- 
tectors are essentially photon detectors so that their detection efficiency for a 
photon is almost independent of the photon energy provided it is within the 
energy window of the detector. If we consider the detection efficiency for a 
GRB placed at increasing redshifts the detection efficiency will be essentially 
constant until most of the photon energies fall below the lower limit of the detec- 
tor's energy window. A rough estimate of the detection efficiency as a function 
of redshift is to assume that it is unity until the peak of the GRB photon energy 



6 PEAK ENERGY SELECTION 11 



spectrum reaches the lower en ergy cutoff of th e detector. At higher redshifts 
the detection efficiency is zero. ISchaefer (l2007ah (his Table 2) provides both the 
upper and lower energy limits £ ml „ and E max , for each GRB and the energy 
Epeak , at the peak of its spectrum. Using the same method as used for the sim- 
ulation already described, the GRB with redshifts less than two were assumed 
to be a representative sample and the maximum redshift at which they could 
be observed was calculated. Then the number of surviving GRB were counted 
as a function of redshift to obtain a rough estimate of the selection efficiency. 
The exponent for a simulation of the detector selection is given in the last two 
rows of Table [3] The probability that the exponent of 0.35 is consistent with 
the data exponent of 1.47±0.38 is 1.5xl0~ 3 which shows that it is very unlikely 
that there is the required strong selection. Figure [3] shows the luminosity as a 
function of redshift for each GRB and their power law fit (dotted line) . It also 
shows the simulated power law (dashed line), and the power law derived from 
the detection efficiency (solid line). 
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Figure 3: Plot of the luminosity of GRB as a function of redshift for concordance 
cosmology. The dotted lines are the best fit power law to the densities (exponent 
1.47±0.16). The other lines show the power laws derived from the simulation 
analysis. The dashed (blue) line shows the power law for the luminosity selection 
simulation. The solid line (red) shows the power law for the detection efficiency. 



The distribution of luminosities in Figure [2] and two simulation results show 
that luminosity selection for the GRB is only a weak function of redshift and is 
clearly insufficient to produce the increase of average luminosity with redshift 
that is needed by the standard model. 
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7 Luminosity evolution 

An alternative possibility to luminosity selection is that of luminosity evolution. 
After all in an expanding universe evolution is mandatory. The only objects that 
do not show evolution must have evolved to their current state early enough in 
the expansion to put their progeni t ors at redshifts beyond our current obser- 
vations. Most of the work ( Piranl . 2004) on the evolution of GRB has been 



concerned with the nature and evolution of their host galaxy or on their volume 
density. Note that the approximately inverse relationship between luminosity 
and the time measures Ti ag , V and trt implies that a strong luminosity evolu- 
tio n requires that all of these time measure must have strong evolution. 



Llovd-Ronning. Fryer, fc Ramirez-Ruia (|2002n using concordance cosmology 



find that there is luminosity evolut ion such that the luminos ity is proportional to 
i oc (l + z) 14± ~ ' 5 . More recentlv lKocevski fc Liand (|2006l ) find an exponent of 
1.7 ±0.3. A direct fit of luminosity as a functi on of redshift for the c urren t data 



has the exponent 1.47±0.16 (Table [3]). Since iLlovd-Ronning et all ([20021 ) used 
a method that allows for possible luminosity selection effects and the current 
analysis has shown that luminosity selection effects are small there is good 
agreement between the exponents. Thus the results in Table are applicable 
to both luminosity selection and luminosity evolution with similar conclusions. 
That is this luminosity evolution can explain why time dilation is cancelled for 
tut and V and possibly for Ti ag but not for Tqq. 

However there is a major defect in using evolution to explain the cancellation 
of time dilation. The computation of lumin osity requires a d istance measure that 



is determined by the assumed cosmology (jSchaeferl (|2007al ). equation 6). Thus 
it is possible that the apparent luminosity evolution could be due to an incorrect 
luminosity calculation. If in this case this 'evolution' is then used to provide 
the required luminosity-redshift dependence needed to cancel time dilation then 
it is invalid to use this result to justify the cosmology and the occurrence of 
time dilation. For example if the universe was static the major difference in 
the calculation of the luminosity is the removal of a factor of (1 + z) that was 
there to allow for time dilation. Consequently the luminosity-rcclshift exponent 
would change from 1.47 to about 0.4. This would give a luminosity evolution 
of about L oc (1 + z) aA and a small change in the time measures. Since in this 
case there is no time dilation everything is self consistent. 



8 Time measure selection 

A further possibility that could explain this disagreement is that there is redshift - 
dependent selection that depends on other characteristics of the GRB. The ob- 
vious characteristics are the time measures. Clearly a redshift selection based 
on the time measures could easily cancel time dilation and at the same time pro- 
duce the observed luminosity distribution. However, such a selection, if strong 
enough, would produce a reduced spread of T4 at large redshifts. Figure Q] shows 
no such effect. 

An important selection mechanism is the pulse width selection effect that 
comes from the characteristic of GRB in that they have narrow pulse widths at 
high gam ma-ray energ ies but extended trains of broad pulses at low gamma-ray 
energies (jPiranl . 120041 ). Thus at high redshifts the decrease of low gamma-ray 



8 TIME MEASURE SELECTION 



13 



energies to below the detector threshold will produce an increase in the ob- 
served intrinsic gamma-ray energies and hence a decrease in the pulse widths 
Because of the luminosity time measure dependence this selectio n could, in prin- 



ciplc, produ ce the strong depe ndence of luminosity on redshift. iFenimore et al 



( 1995bh and lDado et al. ( 2007 ) show that the width of a GRB pulse sc ales with 
energy like t FWH M oc £ro.43±o.io where E ig the 

gamma-ray energy. ISchaeferl 
(|2007al ) provides values for the peak (E pea k) of the gamma-ray distribution for 
each GRB. With their redshift correction these E pea k values have an exponent 
of 0.80 ± 0.25 with respect to (1 + z). Thus the pulse width at the peak of the 
energy distribution will have an exponent —0.35 ± 0.13 as a function of redshift. 
At the low energy extreme if we assume that E is the threshold energy of the 
detector then this translates to a pulse width that has an exponent of -0.41 
with respect to (1 + z). Since the average exponent will lie between these two 
values it is very unlikely that the redshift exponent of trt (assuming that it is 
proportional to the pulse width) could have the value of minus one needed to 
cancel time dilation. 

The effects of this pulse width selection on r; Qg are harder to evaluate. It 
is defined as the delay in the times of peaks between a hard band (100-300 
keV) and a soft band (25-5 keV) after con siderable data massaging in order to 
remove noise and artifacts ( Schaefer , 2007a[ ). One effect that is predictable is the 
failure to detect the soft band and therefore to obtain a value for Ti ag . For this 
sample the highest redshift which has a value for T\ ag is the Swift GRB060223 
with 2=4.41 which suggests that this failure is not very important for this data. 
Since Ti ag appears to be an intrinsic property of the burst mechanism it is 
unlikely that its values are significantly modified by this pulse width selection 
process. 

Although the omission of some lower energy pulses may decrease the vari- 
ability measure other changes such as the decrease in pulse widths may increase 
it. Thus it is unlikely that V treated as a time measure would show a strong 
redshift dependence. Since the Tqq measure is the time it takes to accumulate 
from 5% to 95% of the total fluence of a burst it is reasonable that its value 
at high redshifts could be decreased by the omission of low energy pulses at 
the beginning and end of the burst but this reduction is unlikely to produce 
sufficient modification to values of Tqq. Since the soft band gamma-rays are 
detectable out to about z — 4, Tgo must be reduced by a factor of ks 5 for the 
time dilation to be cancelled. Although it is difficult to imagine some selection 
effect that could be as strong as this, it is possible that it is the result of some 
evolutionary effect. 

Thus it is very likely that all of the time measures will show the effects of 
some selection but the only time measure that is expected to show a significant 
selection effect is trt and as shown above it is very unlikely that it could have 
an exponent of minus one needed to cancel time dilation. The conclusion is that 
although time measure selection does occur it is not sufficient to cancel time 
dilation. 

There remains the possibility that a combination of luminosity selection, 
pulse width selection and evolution could be sufficient to cancel time dilation. 
However, such a combination is strongly constrained by requiring that its effects 
almost exactly cancel time dilation in the raw time measures. That is each time 
measure must be approximately proportional to (1 + z) . 
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9 Static cosmology 

Since concordance cosmology is based on the principle that the universe is ex- 
panding it cannot be directly used to test for universal expansion. Equally a 
static cosmology that is based on a non-expanding universe has the same prob- 
lem. However a distinction can be made if the observations clearly favour one 
cosmology over the other. In a static universe the redshift must be due to some 
mechanism other than expansion. Here we assume, without explanation, that 
the normal Hubble redshift-distance relationship holds. The main modification 
needed to concordance cosmology to simulate a static cosmology is to remove 
a (1 + z) factor from the distance modulus. This factor arises because the flux 
is an energy rate and the rate is subject to time dilation. Rather than such 
an ad hoc mo dification, a sta t ic cosm ology that agrees with other cosmological 
observations ( Crawford . 20061 . 2009a[ ) is used instead. Apart from a scale factor 



the differences between its distance measures and that for a modified concor- 
dance cosmology are much smaller than the uncertainties in the data used here. 
The results using this static cosmology and exactly the same data and analysis 
(including the intrinsic luminosity time measure relationship) that was used for 
concordance cosmology are shown in Table [3] and Figure 2J Since the exponents 
shown in the right hand column of Table [3J are consistent with zero this shows 
that the data are completely consistent with this static cosmology. As expected 
the average luminosity is essentially independent of redshift and whether not 
luminosity corrections are applied makes very little difference. Naturally if there 
is no expansion all the results in Table ?? are correct and do not require any 
explanation. 

If a static cosmology is correct then the results for concordance cosmology 
are easily understood. For simplicity we assume that there is no luminosity 
selection then the inclusion of a (1 + z) factor in the distance modulus will 
produce an apparent exponent of plus one in the luminosity distribution. Next 
applying the luminosity time measure relationship will make the apparent time 
measures have an exponent of minus one. Finally the inclusion of the time 
dilation will result in the time measures having zero exponent which is what is 
seen in Table ??. 



10 Conclusion 

The first conclusion is that the raw time measures showed no evidence of time 
dilation with the combined measure T4 having a probability of 4.4 xl0~ 6 of 
occurring if time dilation is present. With the possible exception of T\ ag none 
of the time measures show a significant effect of time dilation. The standard 
explanation is that there is a luminosity time measure relationship such that 
selection by luminosity produces an effective selection of time measures that 
cancels the observation of time dilation. This relationship was confirmed for V 
and tut and since the luminosity has an exponent of 1.47±0.16 with respect 
to (1 + z) and as shown in Table [2] this is sufficient to cancel time dilation 
for these time measures but not for Tqq. But it was shown that luminosity 
selection could not produce this strong dependence of luminosity on redshift 
but that luminosity evolution could. Examination direct selection of the time 
measures showed that except for tut none of them would have strong enough 
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Figure 4: Plot of the luminosity of GRB as a function of redshift for a static 
cosmology. The dotted lines are the best fit power law to the densities. The 
dashed lines show the power laws derived from the simulation analysis. The 
dashed (blue) line shows the power law for the luminosity selection simulation. 
The solid line (red) shows the power law for the detection efficiency simulation. 



selection and even trt would only have an exponent of w —0.4. It is possible 
that a combination of luminosity evolution, time measure evolution with some 
luminosity selection and some time measure selection could produce the required 
cancellation of time dilation. However this requires the coincidence that (except 
possibly for Ti ag ) all the time measures end up with an exponent with respect 
to (1 + z) that is close to minus one. 

Alternatively it is shown that all the data are consistent with a static cos- 
mology and that if a static cosmology is valid then it can easily explain the 
results obtained from a concordance cosmology analysis. There is no strong 
dependence of luminosity on redshift in this static cosmology, it is an artifact 
of concordance cosmology because it includes a factor of (1 + z) to allow for 
time dilation. Thus there is strong support for the notion that there is no time 
dilation that the universe is not expanding. 
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